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LIST OF SYMBOLS 
2area of steel, in . 
width of section, in.
distance from extreme fibre in compression to centre 
of gravity of steel in tension, in.
modulus of elasticity of concrete. Mgdulus is same 
for tension as for compression, Vo/in .
2modulus of elasticity of steel, lb/in .
228 day compressive strength of concrete, lb/in .
compressive stress in concrete assuming tension in 
concrete, lb/in »
compressive stress^in concrete assuming no tension 
in concrete, lb/in .
tensile stress in steel assuming tension in concrete, 
lb/in .
tensile stress in steel assuming no tension in concrete, 
lb/in .
2tensile stress in concrete, lb/in .
distance from tensile steel to neutral axis, in.
distance between reaction point and load point, in.
bond length of tensile steel, in.
moment, lb.in
E3ratio of moduli ~—
A costeel ratio od
end load applied to beam, lb.
load at ultimate strength of steel - no tension in 
concrete, lbs.
load at yield strength of steel - no tension in concrete,
lbs „
tensile force in steel bar, lb.
bond stress assuming tension in concrete, lb/in .
bond stress assuming no tension in concrete, lb/in .
2effective bond resistance, lb/in „ 
total perimeter of tensile steel, in.
2
SYNOPSIS
A close examination of the present Australian 
Standard Test procedures was made as part of an 
experimental programme to provide information on the 
effect of surface finish on the bond characteristics 
of Size 3 plain and deformed reinforcing bars.
On the basis of measurements of the bond 
resistance of diameter plain bars with various 
surface finishes the current specification, given as 
Appendix C of the SAA Code for Concrete in Buildings 
is considered to be unsatisfactory. Two primary reasons 
for the current specification, being unsatisfactory are 
(f) the inability to obtain results without 
cracking of the concrete specimen, and
(2) The relatively high cost of manufacture and 
difficulty in the handling of specimens.
1 . INTRODUCTION
1•1 Previous related work
(1 2)
From the turn of the century, investigators ,
have studied the effect of surfacS coatings, including
rust, on the bond resistance of reinforcing bars, Prior
to 19^0 , tests were conducted on smooth round bars but
subsequently the majority of tests have been with deformed
bars. Generally, in the earlier tests a beam type test
similar to the current Australian Standard, but smaller in
size, was used. After 19UO tests were of the pull-out type
(3)as reported by Johnston and Cox ' y. These tests were 
similar to those adopted in current American practice
to compare concretes on the basis of the bond developed
sed 
(5)
(U)with reinforcing steels' . Pull-out tests were u
also in 195^, when the U.S. Bureau of Reclamation 
conducted a large scale investigation of bond resistance.
Most recent work on bond resistance is with deformed 
bars sind has been brought about by the use of steels with
pyield strengths up to 100,000 lb/in .
Although there is no current standard in the U.S.A. 
for the comparison of bond resistance of reinforcing bars, 
the American Concrete Institute recommends a beam test 
for this x̂ ork .
Probably the most important of the recent investigations 
on bond resistance has been conducted at West Virginia
(7)University- This work ' was sponsored by the Committee 
of Concrete Reinforcing Bar Producers of the American 
Iron and Steel Institute and was an investigation of the 
effect of rust and scale on bond characteristics. The 
authors Kemp et al, introduced a new type of test, describea 
as a cantilever test. The advantages of this test are 
that the quantities bond, shear, and ra.aient can be varied 
to produce different types of failures of the specimen.
Added to this is the fact that the test method possesses 
the advantages of being smaller and cheaper.
f8)Of especial note is the recent document ' prepared 
by Committee Wo. 408 of the American Concrete Institute, 
entitled "Opportunities in Bond .Research". This work 
is an excellent summary of the current state of knowledge 
and contains a most complete bibliography.
1.2 This Work
The results given below formed part of an experimental 
investigation of the effect of various rust inhibitors on 
the bond resistance of f" diameter reinforcing bars with 
concrete. Twenty eight specimens were made.
Results are shown for other than standard specimens. 
These results are included only to illustrate the fact that 
cracking of the concrete beam specimen frequently takes 
place prior to any appreciable load, or in fact, any 





Specimens are required to be some 81" in length and 
have a section of 18" x 8” wide. The specimens have gaps 
preformed in the upper face for the later attachment of 
dial gauges to measure loaded end slip. The specimen 
details are shown in Figure 1. Initial tests showed that 
moulds constructed of wood did not hold their shape well 
after repeated use and so steel moulds were used. The 
details of these moulds are described in Appendix 1.
As indicated in A.S. No. CA2-1^ 6 3, shear reinforcement 
consisting of 4/^" stirrups and 1/^" bar was located as 
shown in Figure 1. This reinforcement was placed at each 
end of the specimen and additional shear was taken by the 
specimen steel bar, also of diameter.
Specimens were made from concrete of a normal strength 
2of 3000 lbf/in , manufactured from local materials. The 
materials used for making three beam test specimens, three 
compression test cylinders and necessary slump tests 
constituted one cubic yard of concrete and comprised 
470 lbs cement,
1285 lbs sand,
660 lbs blue metal,
1330 lbs £•' blue metal and 
230 lbs of water.
2. 2 Manufacture of Beam Specimens
After insertion of the test bar, shear reinforcement, 
polyurethane inserts and rubber reinforcement protectors 
(at ends of specimen), concrete was placed as described in 
Appendix 2. It is to be noted that A.S. CA2-1963 does 
not give any detail concerning manufacture of specimens.
From each batch of concrete three 6” diameter by 12" 
cylinders were made for compression testing. The results 
of tests on these, together with the slump of the concrete 
are given in Table 1.
All beam specimens were made and cured in accordance 
with A.S. No. A103. Specimens were cured in a fog room. 
Details of each specimen are given in Table 2.
2.3 Handling of specimens
As specimens were required to be placed in a fog room 
(or a water tank) at an age of 24 hours, a special 
transporter was made to handle the specimens. Again, it 
is to be noted that A.S. CA2 — 1963 does not give any 
detail concerning curing, except that cylinders and beams 
shall be "cured under similar conditions". As the concrete 
in the beam was rather "fresh", and the specimens and moulds 
were each over half a ton in weight, considerable difficulty 
was experienced in moving specimens. Quite clearly the 
handling problem places considerable restriction on
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liability and use of test. Details of the transporter 
ed are shown in Figure 2.
In handling the specimens :-
the 8" x 3" channel was left under the specimen for 
the duration of the curing stage, which was normally 
28 days;
the same transporter was used for the removal of the 
specimens from the fog room;
as specimens were cast inverted, as per A.S. CA2 - 
19^3 , a rolling cradle was made to invert the 
specimens at an age of 28 days with a minimum of shock. 
2.4 Test bars 
Surface condition of bars. The twenty-six specimens 
tested were of nominal -§■" diameter. The condition 
of the surfacc of the test reinforcing bars is 
shown in Table 3 .
Elastic limit of steel bars. Tensile tests were made 
on three representative samples of the reinforcing 
bar and the results are shown in Table 4.
Embedded length. The embedded length of the test 
bar, length L in Appendix C of A.S. CA2 - 19 63 was 
standardised at 1 51'.
2.5 Test procedure
The test arrangements are shown in Figure 3* The 
loads were applied by hydraulic jacks and were measured 
by load cells checked by pressure gauges attached to the 
jacks. The gauges on the jacks were calibrated before and 
after the test series using a calibrated proving ring.
A point check of the pressure gauge readings was taken after 
each test.





Loads were applied gradually and initially at the rate 
of approximately 200 lbf/min. This rate of loading was 
maintained until there was a slip recorded at the loaded 
end of the test bar. Loading was held constant at each 
load increment for recording purposes. The slip at both 
the free and loaded ends of the test bar (at each end of 
the specimen) was recorded for each load increment.
In general, there was no end slip until a crack 
occurred in the specimen generally in the position as 
shown in Figure 8.
Experimental results are shown in Table 5. Tabulated 
is the vertical applied load for each end of the specimen, 
when the specimen first cracked. On most occasions, this 
vertical load increased as the crack propagated and 
opened. The maximum applied load is also tabulated.
3. 2 Calculated and Experimental Results
From the loads recorded prior to and after one end 
of the concrete specimen cracked, an apparent bond strength 
can be calculated, assuming that the concrete takes (l) 
no tension, or, (2) tension. Sample calculations are 
shown in Appendix 4. For the eight control specimens 
these apparent bond strengths are shown in Table 6 for
each end. Eliminating the reading marked, the average 
apparent bond strength of the control specimens is 380 lb/ 
sq.in.
Also shown in Table 6 are the calculated tensile 
stresses in the steel. It is to be noted that these 
stresses are of the order of the ultimate tensile stress of 
the steel bars tested. The average of the ratios U^/F^ 
for these control specimens is found to be 0 .1 1 3 *
Figure 9 shows a plot of loaded end slip versus end 
load for the control specimens. It can be seen that 
specimens A1 and B7 behave differently from the other 
control specimens.
For the six sets of treated bars, the calculated 
tensile stress in the test bar immediately after a crack 
appears in the concrete is shown in Table 7. Also shown 
is the apparent bond strength of each bar and also the 
average for a series with the same coating. Similarly 
shown are the averages of the ratio U"/F' for each series.ID C
Since the load for free end slips of 0.002, 0.005,
0.01, 0.02, and 0.04 in. (as indicated in A.S. No. CA2 - 
1963) was not attained due to cracking of the specimen, 
the "bond resistance" referred to in A.S. No. CA2 - 19 63 
Appendix C, could not be calculated. However, summarised 
in Table 8 is the vertical end load per unit surface area 
of the embedded length of the bar for further comparative
9.
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purposes. These figures compare favourably with the 
average values of the bond t*'£ calculated assuming no 
tension concrete.
11.
h. ACTUAL TENSILE FORCE IN TEST BAR 
k.1 Method of Investigation
An additional two beam specimens to A.S. CA2 - 1963 
were made with test bars, having the same embedded 
length of 15" as in previous tests. The gap in the 
upper face was increased from 6" to 10" to facilitate 
the fitting of an extensometer and strain gauges on the 
test bar itself in addition to the dial gauge attachment. 
These additional devices were used at both ends of the 
specimen.
In Figure 10 are shown the results from a vertically 
applied load on one end of the specimen plotted against 
the load in the test bar. Experimental results are shown 
in Table 9. Shown in Table 10 are the results of tests 
taken on the concrete used for the manufacture of the 
specimens.
2 Theoretical Considerations
When the concrete takes tension, the theoretical 
relationships between the vertical load and the test bar 
is as shown by line marked T also on Figure 10.
Similarly shown is the relationship when there is no 
tension in the concrete, marked NT.
As can be observed on Figure 10, all experimental 
points are disposed within these lines. The disposition
of the points is indicative that the relationship between 
the loads commences along the trend of line T and with the 
change of load taken in tension by the concrete with 
cracking, trends towards line NT.
The fact that there was WO load in the test bar until 
the initiation of a crack in the concrete was most likely 
due to the rather lai/ge gap length used for these tests, 
allowing the test bar to align itself in a straight line 
and not take the curvature of the concrete in the bottom 
of the gap.
Further, experimental errors with such large specimens 
introduce inaccuracies quite apart from the application 
of a theory that can only be approximate to such section.
The line marked T where the concrete can take tension
terminates at a value of the vertical load of 8,400 lbs.
This valiie corresponds to the maximum tensile stress that
can be taken by the concrete without that tensile stress
2exceeding a value of 335 lb/in , as per Table 10 for the 
concrete used. For this approximate relationship it is 
assumed that the modulus of rupture of the specimens is 
the same as that obtained by the splitting tensile strength.
From the previous tests, an apparent bond strength 
of the control specimen was found to be 380 lb/sq.in 
When this bond strength is multiplied by the embedded 
surface area of the test bar, the maximum load that can
be taken by the test bar is found to be 6,k00 lbs. This 
value then determines the limit of the line marked NT of 
Figure 10 where it is assumed that there is no tensile 
load taken by the concrete (assuming a crack has developed).
Xt is to be noted that all results fall within the 
region defined by the two lines.
13.
5. CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions
The main conclusions reached in this work are that
(1) the cost of the specimens manufactured to A.S. No.
CA2 - 19^3 and the handling of them is excessive for 
the information obtained;
(2) the possible scatter of test results (as per A.S.
CA2 - 1963) adds further cost;
(3) the load in the test bar can only be inferred in the 
test. No direct measurement is possible of the 
concrete reaction, and with the nature of the loading 
the assumption of a linear distribution of stress over 
the support and near to an abrupt change in section
is untenable.
In view of the above comments, it appears that the 
Australian Standard be reconsidered.
5.2 Recommendations
The use of the "cantilever" specimen as described in 
reference (7) would
reduce the cost of manufacture considerably 
reduce handling time and labour
facilitate better curing due to easier handling 
. allow measurement of loads in the bar and
concrete which would permit a more realistic 




A further programme of research is currently being 
conducted by the authors using Size 6 deformed bars. 
Primary tests are being made with the "cantilever" 
specimens described in reference (7) > and comparative 
tests are being made with both the Australian Standard 
beam specimen and the A.S.T.M. pull-out type specimen.
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Moulds are of all steel construction and collapsible.
The sides are of plate reinforced with 2M x 2" angle. 
Fitted end plates of steel are used. Long screwed rods 
along both the length and width ensure rigidity when 
assembled. The mould base is formed by an 8” x 3" channel.
The steel mould is lightly coated with oil prior to 
placing reinforcement for subsequent release of the specimen 
at age 24 hours. The gap in the upper finished surface 
of the specimen is formed by expanded polyurethane material 




A.S. CA2 - 19^3 does not give any details regarding 
placement of concrete.
Concrete was placed in three layers, each layer being 
approximately six inches deep. Each layer was rodded 
with a lengthened standard tool completely through the 
layers, 300 times, taking care not to touch the test bar, 
displace the rubber protectors nor damage the polyurethane 
inserts. The total time for making each specimen was 
limited to 15 minutes, and the overall time for placement 
of a set of three specimens was limited to 30 minutes.
After the specimens had effected an initial set, the 
upper exposed surface was wood-trowelled, and covered 
with wet hessian. Specimens were then kept damp but 
otherwise untouched for twenty four hours.
APPENDIX 2-
A.S. CA2 - 1963 gives little information on loading 
details except that
(1) where jacks are used, load cells are to be used, 
and
(2) the loads shall be applied through rollers or rockers, 
and
(3) further details are shown in Figure for size of ball 
and size of roller.
The test rig used is shown diagrammatically in 
Figure 3.
Bearing pads used at the points of application of the 
vertical loads on the specimen are shown in Figure k.
Both hydraulic jacks were connected in parallel with a 
high pressure hydraulic pump.
Details of both lower supports, being the roller and 
spherical seats are shown in Figures 5 and 6 respectively.
It is to be noted that all pads in contact with the 
concrete specimen are of 9" x 5" machined steel.
Although only one dial gauge is shown diagrammatically 
in A.S. CA2 - 1963, two were used at each measuring point. 
The two gauges negate errors resulting from bending of 
the bar, or any slight initial lack of straightness.
The attachment of these dial gauges is shown in Figure 7.
19.
APPENDIX 3
The same attachment was used In both gaps at the loaded 
end of the test bar and also at both free ends of the 
test bar.
Dial gauges measuring to "-jQOOO were used at all
positions.
APPENDIX U
STATICAL ANALYSIS OF STRESSES IN SPECIMEN
The analysis given below is based on the assumptions 
usually made in analysing reinforced concrete beams. These 
are
1. plane sections remain plane and normal to the 
longitudinal fibres after bending;
2. the material obeys Hooke's law;
3- every longitudinal layer is free to extend under 
stress as if separate from the other layers.
By using these assumptions the analysis is restricted 
to statical considerations alone. Quite clearly the size 
and location of the specimen must affect the stress 
distribution and it follows that the stresses determined 
by the statical analysis at any particular point will be 
greatly in error. As the specimen is designed for values 
of bond calculated as an average and used in statical 
formulae it is believed that the analysis given below 
based on limiting conditions will allow an understanding of 
the interaction between the steel and the concrete and at 
the same time the limitation of this type of specimen will 
be made clear.
Accordingly the formulae are developed with both 
assumptions of tension and no tension in the concrete.
While the derivations are well known they are included 
for completeness and to show explicitly how the calculation 
used in the test have been made.
22.
Assuming No Tension in the Concrete
nVcTherefore f" = -— — . f"S M "*K C . . .  CD
For equilibrium
f" A * f'.b. (l-k)o  c* r* '  /s s 2 *
Hence k * 1+np - <^np(2+np).
Again P.L = fn A ds s k + j (l-k)
]
• (2)
so that f« = A ^ ( 2 +k) *P • . (3)
23.
The average bond stress between th© steel bar 
and the cdiscrete is then given by 
fwA
ue • ••• «<£»0 o
The approximate values used in the preparation of the tables 
are obtained by taking 
n = 15, 
np = 0 .0 1 2 5, 
b = 8 ins, 
d = 16 ins.
L = 15 ins,
£ 0 = 1.18 ins,
A = .11 sq.ins,
= 15 ins,
in equations (2), (3) and (4).
Hence
k = 0.85^,
f* = 9P = 9.OP lb/in2, s
U« = P/18 = 0.056P lb/in2 and
f» = p/9 = 0.11P lb/in2, c
2b.
Assuming Tension in Concrete
4*
For linear longitudinal strain
f| f» , f»t _ _s _ k c
E * E ~ ' 1-k * Ec s c
Hence
f* f* s nk xt k
f » = 1- k  ’ and ^ 7  = —  . ... (6 )
For equilibrium
V .  + ft ^  -5® •••(?)
that is ft = 1 -k 2np = __k_ from (6).
k 1 -k 1 -k
iHence k = r̂r;— — r2 (1+np) * ... (8)
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By substitution of (8) into (6),
f» f ' -s _ 2._______________________ J— -—  (g)
f * ~ l + 2np 3X1(5 f^ " l + 2np ' ’ * '
Again,
M bd2 /, k, /, ,.,2 bdf^ 3 d + f ik ^  “t
f^bd2 [ £a p + I* | (1_|) - -%i£i2] ... do)
Assuming n =15,
np = .0125, 
b = 8  ins, 
d = 16 ins,
L = 1 5  ins,
< = 1.18 ins,Aj O
A = .11 sq. ins, and s
L =15 ins >o
we have from (8), (9) and (10) the following 
approximate values;
k =0.5,
f »s .-f i = 15 >
c
ft—  = 1 and 
c




M = P x 15 = 375 lb ins, (from (ll)).
= P/ 2 5  lb/in2,
= P/25 lb/in2 
f* = 3P/5 lb/in2 and
U£ = .“4 ^  = P/255 lb/in2.o o
TABLE 1
Compressive strength of concrete
Test No Compressive Slump Test age Cylinder



















































































L- a , 6r
TABLE g 
Specimen Details (inches)
c d f g h j
30 6 14*8 18
30 6 15 l6 I i 18
3 0 i8 6 IhZ8 I 6 i4 18
30 6 15 16 f -  16 18 14
6 15 16h 18 14
30 6 14*8 l6 i 18 1324




1 6 3 -
16 18 l 4 i4




4 16t l& i4 1 4 |
29Z





Series No. a b
C 12 ll+g8 6
C 13 1 8̂ 5?
C lb
D 15 X 6
D 1 6 ' 1*2 6
D 17 11*38 6
D 18 15*-16 6
E 19 x lb\
S 20 14| 5?
E 21 6
E 22 lk$B 6
F 23 x 15 S
F 2b 1̂ 2 5g
F 25 151 5?
F 26 6
x control specimens






ro aIo 6 15
3°f lk\
30j 6 15















8 l8f-16 11 8̂
16|
r-C*COH livS-16
1513 ' 16 18 13f
16 -̂16 I84 13?
l̂ Ti 18 13?









(Surfaoe condition of reinforcing bars)
table 3







1f 2f 3 C o n tro l.
4,5,6 bar treated .
7 Control.










(..’ensile tests on reinforcing bara j
Bar No. diameter Elastic Limit Fracture
(inches) (tons) (lb/sq.in.) (tons) (lk/sq.in.)
.378 2.25 (45,200) 3.615 (72,600)




Load at 1st Crack (lb) Load (ib) Remarks
N. End S. End N. End S. End
A1 9,400 8,800 9,400 8,800 Crack located at N. End failure N. End,
2 6,300 - 8,300 7,500 Crack located at Ji. & S. Enas* failure S. End.
3 6,300 6,100 8,600 7,600 Crack S. End, Failure K. End.
4 7,000 6,500 7,000 6,500 Crack K, End. Failure K. End.
5 6,300 6,100 6,300 6,100 Crack N. End. Failure N, End.
6 6,300 - 8,400 7,500 Crack S. End. Failure 3. End.
B7 8,000 7,200 8,600 7,600 Crack 5. End. Failure K. End.
8 7,400 8,800 8,000 Crack K« & 5. Ends. Failure 5,
9 7,200 6, 500 8,800 7,400 Crack K. End. Failure 3c End.
10 8,000 7,400 3,600 7,500 Crack K. End. Failure N. End,
C11 7,200 7,200 9,600 3,600 Crack K. End. Failure N. End.
12 5,400 5,000 7,000 6,200 Crack S. End. Failure S. End.
13 5,400 5,000 7,000 6,500 wrack S. End. Failure 3. End.
14 5,400 5,000 7,200 6,500 Crack 3. End. Failure S. End.
D15 7,200 6,500 8,800 8,000 Crack K. End. Failure N. End.
16 6,300 5,500 6,300 o
olT> Crack 11. End. Failure M. End,




Load at -|st Cracsk: (lb) Max. Load (lb) Benia rk.s
H. End S« End N. End S. End
218 6,6 00 5,900 6,600 5,900 Craok K. End» Failure N. End,
El 9 6,900 — 8,000 7,300 Crack N. End. Failure H. End,
20 7,200 6,600 8,400 7,700 Crack 3. End. Failure S. End,
21 7,200 6,600 8,600
7,700 Crack N. End. Failure S. End,
22 5,900 5,600 7,800 6,900 Crack S. End. Failure S. End,
P23 7,200 6,500 8,800 7,900 Crack 3. End. Failure S. End,
24 6,400 6,000 6,400 6,000 Crack S. End. Failure S. End,
25 6,300 5,900 6,300 5,900 Crack S. &id. Failure 3.
End,
2 6 6,100 5,500 6,100 5,500 Crack 3. End. Failure S. End,
I
Apparent Bond and Tensile Stresses of Control Bars. (Load at first crack) 




f; u- u* uj f* f; I,
(lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) (lb/sq.in) F̂
f's f"s ub
A1 4260 36.8 525* 34.5 493* 5,640 84,600 5,280 79,200 —
A2 4260 24.7 3£2 - - 3,780 56,700 — .08
A3 4260 24.7 352 23.9 342 3,780 6̂ ,700 3,660 54,900 .08
B7 3300 31.2 448* 28.2 404 4,800 72,000 4,320 64,800
—
C11 3140 28.2 404 28.2 404 4,320 64 ,800 4,320 64,800 .129
D15 3060 28.2 404 25*5 363 4,320 64 ,800 3,900 58,500 .132
B19 2766 27 386 - - 4,140 62,100 - — .140
F23 3150 28.2 403 25.5 363 4,320 64,800 3,900 58,500 .115
U* Bond with Tension in Concrete b
U," Bond with no Tension in Concrete b
2
Average Bond strength, U" = 380 lb/in . 
(omitting *)
Average ratio, U"/F* - 0.113 
(omitting *) G
f1 Tensile stress in steel with Tension in 
s Concrete
f" Tensile stress with no Tension in Concrete s




Apparent Bond and Tensile Stresses of Treated Bars. (Load at first crack.)









A4 7,000 63,000 392 I .0915
A5 6,300 56,700 352 r 365I .0827A6 6,300 56,700 352 .0827
B8 7,400 66,600 414 .126
B9 7,200 64,800 403 [ 421 .123
B10 8,000 72,000 447
f
.136
C12 5,000 45,000 280 ONCO0•
C13 5,000 45,000 280 [■ 280 .089
C14 5,000 45,000 280 .089
D16 6,300 56,700 353 .116
D17 6,200 55,800 348 jr 357 .114
D18 6,600 59,400 369 .120
E20 6,600 59,400 369 ,i .134








Apparent Bond and Tensile Stresses of Treated Bars. (Load at first crack.)
Specimen No. Vertical load at f” u{!, and Average U" Average
commencement of (lb./sq.in.) (lb./sq.in.) 'F*crack. (l"bs.)
F 24 6,000 54,000 336 'i
.107
F25 5,900 53,100 3 3 1 ] • 325 .105
F26 5,500 50,400 308 J • 0 VO co
Specimen Series Average Vertical Load
Type (at first crack at failed
end).
lbs.
Control (A2, A3? C11, 
E19, F23)
6610
A4, 5, 6 6530
B8 , 9, 10 7530
C12, 13 s 14 5000
D16, 1 7, 18 6370
E20, 21, 22 6470
F24, 25, 26 58OO
TABLE 8.
SUMMARY















Specimen Series Average Vertical Load
Type (at first crack at failed
end).
Its.
Control (A2, A3, C1 1, 
E19, P23)
6610
A4, 5, 6 6530
B8, 9, 10 7530
C12, 13, 14 5000
D16, 17, 18 6370
E20, 21, 22 6470
F24, 25, 26 5800
TABLE 8.
SUMMARY
Average embedded Effective Bond
area. Resistance, Ug ^













Examination of actual load in Test Bax










































0 0 0 0 0 0
0 0 0 0 0 0
0.0005 0 0.0045 .00065 19,500 2105
0.0005 0 0.0045 .00115 34,500 3800
0.009 0 0.007 .00140 42,000 Ul40





■ Free end slipped at both ends









0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0 001
0 0.0005 0 0.0015
0 0.0015 0 0.004








58508000(5)     0.025
8700 Failure - Free end slipped on both ends 
(also ultimate load as crack opened up),
(1) 1st sign of cracking - crack length approx. 2" on both sides of̂  
specimen. Crack development length on other end was approx. I2 shorter,
(2) Crack at South End.(3) Strain indicates test bar has yielded within gap in specimen,
(4) Crack 6" long.
'5) Crack fully developed.
Crack North end.(6)
TABLE 10
Ihysical Characteristics of Concrete used in 
additional tests.
Specimen Compressive Strength Tensile Strength*
No. lb/in2 ~ lb/in2
Water Cured Air Cured Water Cured Air Cured
From the above results,
(1) average compressive strength
(2) average tensile strength
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